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EITSCT  OF  JOULE  H2a?IHG  OH  HIAT  THAHSMISSI'-H  AT  TH2  CEITICAL  POIHT 


^>7 

7.  A.  PolyiUiBkijr 
(Mobcom) 

The  pOBBihlllty  of  reducing  the  heat  tranealsBlon  to  the  larface  of  a 
body  moving  with  hyperBonlc  speed  with  the  aid  of  a  magnetic  field  created 
In  It  wae  Investigated  by  I,  Heuringer  and  V.  Mcllrojr  £  1  _/ ,  T.  Roesow  l_  2 _J , 
and  H.  Meyer  £'}_/.  It  was  shown  that  it  Is  posible  to  reduce  the  heat 
flows  to  a  body  by  20  to  25^,  but  to  accomplish  this  there  are  necessary  pow¬ 
erful  ongnr-tlc  fields  (of  the  order  of  3»000  gauss).  However,  in  these  In- 
v<'8' In  calcvilatlng  the  heat  flow  the  Joule  heat  was  not  taken  into 
conr.;  ■  ■  rat  Ion.  This  work  wae  conducted  for  the  purpose  of  bringing  oat  the 
Influence  of  the  Joule  heating  on  the  heat  transalesion. 


We  will  consider  all  the  physicej  characteristics  of  a  fluid  (Tlscoslty, 

thermal  and  electrical  conductivity,  etc.)  as  being  constant.  Wo  will  write 

the  equation  of  the  magnetic  hydrodynamics  of  an  Incompressible  liquid 

div  V*  =  0 


(V  V)  V  -  -  VP  -T  rot  H-  X  ir  +  vAV 

divir  =  o 

rot  V  X  ir  —  v„  rot  (rot  U’)  =  0 

1  ..  v_ 


a) 


V)  r  =  xAr  +  p.—  V’  v/>*  -!-  <I>  +  H*)* 

Here  i  is  the  dissipative  function, Vg  Is  the  magnetic  viscosity,  ?nd  k 
is  the  coefficient  of  heat  conductivity 


Ua) 


v„  = 


4.T3  ' 


P’ 


Besides,  we  will  use  Ohm's  generalized 

/'^o(£*+^VxH-)  ^2) 


Fig.  1 

Hey:  (a)  IIucb  of  flux 


U'j  /I 


4  2 
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We  will  consider  the  plane  flow  of  e  fluM  In  the  wlclnlt/  of  the 
critical  point.  The  outer  conetant  oagnetlc  field  we  will  direct  per¬ 
pendicularly  to  the  surface  of  the  body,  and  this  surface  we  will  assuae  to 
he  nonconducting  (Tig.  1).  In  the  eysten  of  equations  (1)  we  will  make  the 
usual  simplifications  of  the  theory  of  the  boundary  layer.  Tor  evaluating 
the  magnitude  of  the  magnetic  terms  one  may  make  use  of  the  simplest  single- 
dimension  flow  of  a  fluid  along  a  nonconducting  wall  In  a  transverse  magnet¬ 
ic  field.  The  Integration  of  the  equations  of  induction 

0  (2a) 

with  the  boundary  conlitlona  on  the  wall  :  0;  dHj*/dy  =  0  gives 

\  •  V  /  • 

(2h) 

ilQ  Q 

Here  S  is  tre  thicknees.  of  the  boundary  layer,  L  Is  some  linear  dimension, 
and  Bg,  Is  Reynold's  magnetic  number.  In  limiting  ourselves  to  Ra<l  we  get 

O) 

From  the  equation  div  H*  =  o,  taking  Into  account  the  evaluation  for 

1 


0  dy  +  “  </y> 


//o  •  Z. 


Hjj*  there  follows 


H  • 

V 


(4) 


We  will  Introduce  the  dimensionless  nagnitudes 
5  =  *(7)  ’  .  1  =  V  (7)  ’  ,  .  u  =  u’(agV)  ’  ,  v=  i»'(o,v) 


"  =  ^77  ■  T  =^rcj,  (0, vr» 

Here  is  the  parameter  with  the  dimension  sec"^. 


(5) 

Let  us  Introduce 


the  designations 


S=. 


?=-7 


/>=  - 
X 


The  system  of  equations  (1)  we  will  set  up  In  the  following  fashion: 

“  3i  +  ' «  -  -  tf+ + 

ar  ,  ar  dp  ,  i  ,  /a«  1*4.  ca« 


(6) 


17) 


#711-"'"-  f-r-..  pi  /j 


t  ^ 


Booadary  condltloati 

at  the  wall  u*  =  »•  =  0.  H„' =  1/^.  //,*  =  0,  y>*(0.  0)  =  ;./  (7a) 

at  the  edge  of  the  hoondar/  lajrer  u' ^  ax,  »  =  — ay,  T  =Tn  (7^) 
In  the  dlmentlonlesB  nagnltndea  the  houndarj  condition*  hawe  the  fora: 
at  the  wal  ]  a  =  »  =  0.  7*  =  T,*  e, (a,  v)->.  p  (0. 0)  =  (?„a,)-» 


/ft  =  0.  //,  =  1 

at  the  edge  of  the  boundary  la/er 


(8) 

C8a) 


Let  u*  Introduce  the  function  of  the  flow'jp  -  for  the  fluid  and 

0  =  magnetic  field.  Then 

“  =  l/'(n).  »  =  — /(n).  ^E.  =  Sg'(n).  g(n)  C9) 

'The  temperature  and  preeaure  we  will  seek  in  the  fora  of  an  analyala 
by  degrees  of  ^  (limiting  ourselwes  in  thl*  to  meaber*  of  the  second  order) 

P  =  P»  +  GV  (C=  const),  7’=  (r„-7’e)0,(p)J-5»0j{iJi)  (10) 

Here  is  the  dinenelonleea  teaperature  of  the  wall,  and  pg  and  Tg  are 
the  dlnenelonless  parametere  of  the  retardation.  The  magnitude  £  In  the 
first  degree  does  not  enter  here  because  of  the  eymmetry  of  the  flow.  B7 
substituting  (9)  and  (10)  in  the  system  (7)  we  will  get  a  system  of  ordinary 


(11) 


differential  equations  /'* — fj  —  r ^gs’ —  ~ 

3g"  _  fg  _  /'g'  =  0.  Pg'  -  fg  =  0.  ®i'  +  ° 

6,'  +  P  /8,'  -  2P/'8»  =  -  2CP/'  -P{r+ 

The  constant  C  we  will  determine  by  Integrating  along  the  wall  the  equa¬ 
tion  of  the  amount  of  motion  of  the  nonrlscous  fluid  for  the  cosroonent  of 


Telocity  u,  and  we  will  get 


[9H  bH 

ff.a.O)-5U-«.(6,0)-^j)rfE_,„„,l_  +i) 


(12) 


since  In  a  nonwlscous  flow  at  the  wall 


=  •’  =  0 

•* 


(12a) 

The  Influence  of  the  magnetic  field  on  the  distribution  of  the  pressure 
at  the  wall  near  the  critical  point  nay  be  dlsre^kxded.  Actually,  we  will 


.-r?  4  2 


3 


coaaidcr  th*  •rprataioa  for  the  Lorentt  force,  I*roa  Maxwell '■  equation 

(m; 

and  Ohm'e  law  (2)  it  le  aean  that  the  latenelty  of  the  electrical  field  I 
hae  a  component  onl/  alon^  the  axle  t  (elnce  T*  and  I*  lie  in  the  plane  zp). 
The  equation  J*  ■  0  ihowe  that  „  „  /  »//, 

By  making  uee  of  the  boundary  condition  at  the  wall  for  7  and  H  wo  (ot 
Zg  =  const  n  0 

In  this  way  the  Lorentx  for>.e  hae  the  fora  ^  (7*  X  H*}  z  B*. 

c 

But  close  to  the  critical  point  the  directions  of  the  Telocity  of  the 
flow  -tnd  the  Intensity  of  the  magnetic  field  coincide.  Therefore,  the  aaf^ 
nitude  of  the  Lorentz  force  here  Is  email  differlny  little  from  sero.  Row 
hy  comparing  th.  .tprcsslon  obtained  for  the  distribution  at  the  wall  (12) 
with  the  analogous  expression  in  the  case  of  nonmagnetic  flow 

P  const  —  -L  (13) 

we  get  the  connection 

■i'(?  +  ‘r-r  (c-4)  «*) 

The  third  equation  of  the  system  (11)  proTse  to  be  an  Integral  of  the 
second  equation.  Therefore  we  will  not  consider  one  of  them. 

The  ralidity  of  the  accepted  CTali^tions  (3)  end  (h)  is  confirmed  by  the 
integration  of  the  equatlane  of  Induction  and  motion  without  simpliflcatlone 
(see  the  equatlone  (25)  and  (20)  of  the  report  £  1^). 

The  final  form  of  the  syetem  of  equations 

r-/r-r+s?gs’^>i 

Pf’-f/'-O,  '  BZ  +  W-O  tjTj) 

0/  -h  p/Oi’  -  2p/\  ^pr^pr  - 

The  boundary  conoxvione  lor  soe  tunetlono  f,  g.  and  dg 

at  the  wall  /^r-s’^-0.  f--!,  0,  - 1.  « o  (15*) 


at  the  edge  of  the  boundary  layer 


/*  -  i ,  0,  »  0,  0,  -  — 


(16) 


n?  »-j.  ^,3.  fij/i  I 


Th«  conditions  for  9x  &nd  O2  obtained  froa  Bomoulll's  latocral* 


yi«.  2  fi§>  3 


The  oystea  of  equntlono  (15)  with  the  boundary  conditlona  (16)  wao  Inte¬ 
grated  nunerlcally  by  the  Bunge-Xutta  method  on  the  electronic  coaiutatlon 
BEchlne  "Setun*"  for  different  valuec  of  the  pnraaeter  S  and  the  Taluec 

^  P  r  0.71. 

.uingent  etreea  on  the  wall  wac  computed  by  the  formula 

t  -  (0)  .iipMyc^O  ZhpMs  (16a) 

Consequently 

u  nnsjir  (i7) 


Here  zero  Is  the  subscript  points  to  the  figure  for  the  aagnltude  la  tha 
absence  of  a  field.  In  Tig.  2  it  is  seen  that  with  the  change  in  the  paraa- 
eter  S  froa  0  to  1.5  there  occurs  a  considerable  lessening  of  the  tangential 
friction  OB  the  aall  (up  to  k7%,  see  earre  1).  This  Is  the  eonsequeaee  of 
the  lessening  of  the  tangential  coaponeat  of  the  Telocity  under  the  influence 
of  the  aagaetie  field,  as  a  result  there  is  n  dlalnutios  in  the  gradieaj|^ 
the  Telocity  on  the  wall.  Troa  Tigs.  3  and  k  there  is' seen  thd  ehaaga  In 
the  profiles  of  the  coaponents  of  the  Telocity  u  and  t  on  the  change  In  the 
paraaeter  8. 


Tha  aagnltude  of  the  heat  flow  onto  the  wall  is  oonputed  in  the  follew- 


Ing  way 


, «  r*)«/  (0)-w  I 


?r^.T?-63-93/l  f  2 
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The  curve  2  lu  Hg*  2  ebowe  the  change  la  tlie  beat  traaealeeloa  est« 


the  wall  with  the  Increaee  In  the  paraaeter  S.  The  Joule  beat  ia  thie  cae* 
li  not  taken  Into  conel deration.  'llie  ratio  X^v« 

'/*  lOi' 

mm  mm  • 

Curve  2  agrees  with  the  reeulte  of  the  report*  1,  2_/»  Otrre  ■bewe 

the  change  In  the  heat  flow  taking  the  Joule  heat  into  account.  The  rail# 

q/qg  In  thli  cate  le  expreeaed  hy  the  foraula 

.»  •  _  Oi(0)  —  0>(0)  (3 

7.  ‘ 

7or  BlBiTillcity  In  the  comnitatlona  It  la  naouned  that 

Aa  seen  f-ox  the  graph  in  Tig.  2  the  liberation  of  Joule  heat  lead*  ta 


(20a) 


an  Increaae  In  ^eat  emlaaion  onto  the  wall  aa  conpared  with  tbe  caee  where 
the  Joule  heating  la  dlaregarded.  However,  thie  Increaae  la  Inaicnlfleaukt 
(of  the  order  of  5%).  The  gronteat  reduction  In  heat  flow  attained  with  tbe 
value  of  the  parameter  S  s  1.5  anounta  to  20%.  To  this  correepond,  for  oxaafe- 
pie,  the  follpwlnz  vnluea  of  the  narametera  of  flow  and  macaetie  fieldt 

- 1 - - - ^ - 1  -r>» 


n«.  4 


(20b) 

SB  not 
€a  nr 
lOlULl^ 


fiivs 


In  thie  way  the  reductlonln  the  heat  .trananiaalea  with  tbe  aid  nf  a  nnd» 
nolle  field  forthoae  paraaetera  of  gaa  which  ariae  la  the  aoveaeat  ef  a  hedy  at 
hyperaonle  apoad  ia  th*  lower  layer*  of  the  ataoaphere  ia  aat  aftaatiwa, 

a 

In  Tic.  5  thor*  are  conatruoted  th*  profile*  nf  the  teapevatara  b  a 
(T  —  Tg)  /  (Tp)—  Tg)  for  different  value*  nf  S  and  far 


rj— r-*~^ 


-{0 


latare4)lkMb»vl»& 


tiia) 
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DBTEHMaiNO  THE  BaS2  PH2SSUHS  AND  BaSI  TBMPKEATURE  OH  THE  SOD¬ 


DEN  EXPANSION  OF  A  SOHIC  Cfi  SUPEHSOHIO  FLOW 

By 

H.  K.  Ta^roT 

The  article  dlscueses  the  method  of  determining  the  base  pregaure 
and  baee  temperature  on  the  sudden  erjanBlon  of  a  plane  or  axially  ayn- 
metrlcal  flow.  The  method  la  baaed  on  the  known  method  by  Korat  ^  1 _/ •  But 
In  contraat  to  hla  method  there  la  taknn  Into  account  the  non-laothermlc 
quality  of  the  miilnt',  it  la  extended  to  caaea  of  audden  expanalon  of  an 
siilally  ayr.'ietx,  <'1  flow  tow-ird  the  axle  of  aymmetry. 

There  la  -  •  e: ted  a  cosioiriaon  of  the  reaulta  of  the  computation  with 
the  data  of  other  authora. 

Sec.  1.  Determining  the  B_^e  Prer sure  There  la  aaeumed  the  following 
ayatem  of  flow  with  fottr  characteriatic  reglona  1)* 

region  of  flow  to  the  region  of  audden  expanalon  (1); 
region  of  expansion  of  th^  flow  in  the  Prandtl-Heyer  wave  (2); 
region  of  mixing  of  the  flow  bordering  on  the  stagnant  gone  (3); 
region  of  Increase  in  pr'-asure  In  the  end  of  the  stagnant  aone  (4), 

In  solving  the  problem  one  makea 
the  following  as sumption a. 

1)  The  static  preasure  Is  conatant 
In  the  region  (3)  and  equal  to  the 
nresaure  of  the  undisturbed  core  of 
the  flow,  1.  e. ,  p®  =  Bert  and 

further  on  the  auperacript  ®  desig¬ 
nates  the  baae  preaaure  and  temperature,  and  the  subscript  q  indicates 


the  paraaetera  of  the  core  of  the  flow. 

2)  The  haae  tenperatoro  Is  constant  In  the  whole  stacnant  sons  with 
the  exception  of  a  thin  hot  boundary  layer  at  the  walls. 

3)  In  the  tone  of  mixing  •  Eere  T*  is  the  tempera- 

To*— TO  VjoJ 

ture  of  retardation  and  is  the  factor  of  velocity  representing  the  ratio  of 
the  velocity  In  the  zone  of  mixing  to  the  velocity  of  the  core  of  the  flow. 

4)  After  the  turn  In  the  wave  of  expansion  the  profile  of  velocitlee  of 
the  boundary  layer  le  described  by  an  exponential  law 

=  C  =  !//*» 

Eere  ^  2  dlraenslonless  ordinate  and  62  thl^rknete  of  the 

bo’irJ^ry  layer  behind  the  wave  of  expanalon.  It  can  be  determined  approxi¬ 
mately  froa  the  equation  of  continuity. 

Jufit  as  In  the  report  £  !_/  the  problem  Is  solved  from  a  Joint  considera¬ 
tion  of  the  flows  of  an  elastic  gas  and  an  ideal  gas.  whereby  by  the  latter 
one  understands  a  fictitious  flow  which  has  the  same  values  and  p^/pj^ 
as  the  flow  of  the  viscous  gas  with  unchanged  geometry  of  the  channel  or 
the  body  around  which  the  flow  occurs. 

On  the  boundary  of  this  nonviscous  flow  there  le  Introduced  la  the  general 
case  an  orthogonal  curvilinear  system  of  coordinates  XT.  ^lle  the  axle  X  is 
directed  along  the  boundary  line  of  flow.  In  the  sone  of  mixing  of  the  vis¬ 
cous  gas  there  Is  Introduced  an  analogous  orthogonal  curvilinear  movable  sys¬ 
tem  of  coordinates  x,  7.  tdiich  according  to  the  assumption  (see  /.I _/)  is 

somewhat  shifted  In  the  direction  of  the  axis  T,  so  that  XtUx,  T=  y  _  7g,(x) 

where  y^CO)  z  0. 

The  approximation  eolation  of  the  simplified  equation  of  notion  in  the 
sone  of  mixing  obtained  in  the  report  J^1_J  le  written,  taking  Into  coneldera- 
the  assumption  4)  made  above,  in  the  form: 


I  : 


«p» -YII +crf(t)  — T1^}| ^  (n  — ?)"« 

*-v 


U) 


Hnre  the  dlmeniionleei  coordinate* 


",  n»Cv  13) 

On  the  haeli  of  exnerlnent&l  data  In  Xoret'a  wor)c  It  la  aaauaad 

e  —  12  + 2.578  A/,  /  ('f)  ^  1  +  A  •»  const  0.17  13*) 

The  Taluo  a  la  determined  in  accordance  with  th*  axperimantal  depandanc* 
which  can  he  approximated  in  the  following  fonat 

.-0.33/,  r- ■- 0.334,  T"(l-^-.^)/{l-^)  „) 

Here  62*  ^2**  thlclcneua  of  the  dlalodgmant  and  the  thicknea* 

of  the  lone  of  the  Impniiae  in  the  boundary  layer  behind  the  wav*  of  expaaaiea. 

We  will  r"s<;  that  these  empirical  rel'ttionahlpa  and  the  profile  of 

locltlea  are  10  far  the  non> Isothermic  and  the  Isothermic  plane  and  ajcial* 
ly  aymmetrical  flews. 

The  position  of  the  coordinate  ayatem  X,  T  can  b*  dataraiaed  if  one  kaowa 
the  value  p°,  since  the  boundary  of  the  ide.il  flow  can  be  constructed  by  the 
method  of  the  characteristics  or  some  other  approxiantion  process* 

The  position  of  the  coordinate  system  x.  7  with  relation  to  X*  7  can  ba 
determined  by  one  coordinate  y^  with  the  aid  of  the  equation  of  the  amount 
of  notion. 

If  one  introduces  Crocco's  number  C  and  th*  plus  siga  for  the  parameters 
determinable  on  the  boundary  line  of  the  flow  of  the  tone  of  aixlnf*  whieh 
borders  on  the  core  of  the  flow,  then  for  the  plans  flow  th*  unknown  relattem> 


ship  will  haws  th*  form  „ 

TU  -  -  n,  +  (t  -  iq/s  - (c  -  [1  +  ) 


15) 


Hare 


le) 


•^z  T^/Tq*  Is  th*  diasnaionlos*  bottom  terpemture*  nnd  k  in  the  nAi%* 


batlc  curre. 


f 


The  Taluerj^  la  determined  from  the  condition 

1— »(Vi.  17) 

where  t^  la  a  email  magnitude. 

Here  and  from  here  on  the  Integrale  J  will  have  a  double  aubacrlpt— 
the  flrat  will  Inalcate  the  number  of  the  Integral ,  and  the  aecohd  will  Indi¬ 
cate  to  what  line  of  the  flow  the  Integral  refers.  7or  the  axially  symmet¬ 


rical  flow  the  magnitude  yjg,  Is  set  up  in  the  form 


-  tSC'  ~  t  ros  >t,)  n^«  ^ 

_  2t,i)  (1 

^  ~  (1  -  Cm*)  ± 

±  2t,tl  » (1  -  C  »)  - 2  (i—C  n  »A' 

^ 


A.  =  5 


_  «PtH<  _  ,  f 


\  _ _ 


Byy^  andy^  there  are  Indicated  the  angles  of  Inclination  of  the  rec- 
tore  of  velocity  on  the  boundary  of  the  Ideal  flow,  respectively,  for  the  sec¬ 
tion  which  la  Immediately  behind  the  wave  of  expanalon,  and  for  the  section 
where  the  Jump  In  density  occurs.  It  Is  assumed  that  In  the  zone  of  mixing 
of  the  viscous  flow  the  an^es  of  Inclination  of  the  vectors  of  velocity  In 
the  resnective  section  will  be  the  same 'I’l  =  *l/®2  and  T2  =  r2/62i  respective¬ 
ly,  the  dimensionless  radii  of  the  boundary  of  the  Ideal  flow  for  the  two  sec¬ 
tions  Indicated  above.  It  Is  easy  to  establish  that  If  ijp  r  0,  then  the  co]> 
responding  expressions  for  and  are  obtained  by  the  replacing  In  the 
above-written  equations  of  the  values  *)p/S2  ^7  ^  transition  will 

be  valid  also  for  all  the  relationships  following  below.  Let  us  note  that 
here  and  further  on  the  upper  signs  are  real  for  the  case  of  expansion  of 


fl  4.  2 


II 


the  axial  1/  aynaetrlcal  flow  fron  the  axle,  aad  the  lower  onee  toward  tho 


axle.  Thrtber,  as  In  the  report  /~1_7  there  are  Introduced  Into  the  coa- 
elderation  two  characterletlc  linee  of  flow  In  the  none  of  olxlng:  the  line 
of  conetant  mase  J  and  the  demarcation  line  of  flow  d. 

The  use  of  the  equation  of  continuity  enables  one  to  determine  the  co¬ 
ordinate  of  the  line  of  flow  J. 

For  the  plane  flow  this  relationship  hae  the  fora 

f..  _  y..  ^(A',-A',)np 


Ji,  -  II 


ao) 


<e< 

>f.(i 


111) 


where 

]  ft  ij  (I  -  ■ 

■~CC 

If  Irt  the  Eta;';)  int  zone  there  enter  a  suppleaentary  maee  of  fluid 
then  this  an.;  '..hc\ld  he  removed  between  the  lines  of  flow  J  and  d,  since 
in  the  stagnwit  zone  there  should  he  maintained  a  constancy  of  mass 

Gd  r  —  0  tl.l) 

where  Oj,  Is  the  mase  of  the  gas  entering  into  the  stagnant  zone.  Tho  ex- 
nresslon  for  the  mass  of  gas  removed  between  the  lines  J  and  d  has  the  fora 


C,=  - 


Vksur,-nM^}  % 

where  H  Is  the  gas  constant;  is  the  gas-dynamic  function. 

Analogous  eqoations  can  be  written  for  the  case  of  axially  symmetrical 

flow. 


ll.la) 


where 


The  equation  for  determining  ijj 

±  T,„  <  ,.s  _  y^p  q:  ^ 

T  hp*  OOS  A  .  -f-  (TjT)^  ±  T)^  cos  If,)  y,.  ^ 

T  cos  —  ti>lp®^i  i  np^cosifiA'a  C^*i 

y.  =  ^ - _ i.  _  r 

J  d  +  dTftd-d)- 


u.lb) 


The  expression  for  the  mass  removed  between  the  lines  J  and  d 


-Gd-^-r. 


^  (Ai  —  Ad)  T  cos  If,  (Jti  —  7,d)I 

F''r>-T7- 6.3-<)l/l  f  4 


(l.lc) 


ll.ld) 


In  the  end  of  the  etne^ant  sone  there  occure  an  Increase  In  preasure  la 
an  ohllque  Juap  in  density.  It  la  aaauaed  that  the  Intensity  of  this  Juap 
is  detemlned  hy  the  parameters  of  an  Ideal  flow  p^/p^  = 

If  the  boundary  of  theldeal  flow  Is  established  then  the  magnitude 
will  be  detemlned  If  one  Icnows  the  section  where  the  Juap  In  density  occurs. 
1.  e.  ,  If  one  Icnows  z  orljp  ty)  which  characterize  the  distance  from  the  be¬ 
ginning  <iT  the  coordinates  to  the  Jump. 

Tor  the  case  of  the  plane  flow  the  angle  will  be  equal  to  the  angle 
of  deviation  of  the  flow  In  the  wave  of  ernanslon  In  zone  (2). 

Tor  the  case  of  sudden  expansion  of  the  axlaliy  syrmetrlcal  flow  from 
the  axis  the  position  of  the  Jaap  Is  determined  from  the  intersection  Of  the 
boundary  of  the  ideal  flow  with  the  wall  of  the  channel  /.IJ. 

If,  however,  the  sudden  exT^anslon  of  the  axially  syfflaetricel  flow  occurs 
towards  the  axis,  then  the  foregoing  condition  proves  to  be  inapplicable,  and 
the  position  of  the  Juap  is  aoproxlmately  determined  from  the  Intersection 
of  the  zero  line  of  the  flow  (lower  borundary  of  the  zone  of  mixing)  with  the 
axis  of  symmetry. 

This  condltl  on  can  be  written  In  the  form 

’l»i  ’Ip (l-l*) 

where  Is  the  coordinate  of  the  zero  line  of  the  flow,  which  Is  deter¬ 
mined  from  the  condition  T)p,  note  that  with  such 

an  assumption  the  thickness  of  the  zone  of  mixing  can  be  easily  determined 

J  =  —  tlroin)  X  (A  —  ourora  yrryna)  (h  =  height  Of  Offset)  (l.lf) 

If,  however,  around  the  plane  or  ring-shaped  offset  there  flow  to  dlf- 
fereni  currents,  then  the  magnitude  of  the  pressure  behind  the  Juap  in  den- 
■Ity  Is  determined  from  the  condition  of  equality  of  preesures  of  the  inner 
and  outer  flows  p^  c  P4  =  P4> 


Tn^TT.6>?l/j  ^  Z 


IS 


Here  and  from  here  on  the  >ap«rcr^^  4-  nfen  to  th*  inner  flow  and  the 
■uparecript  —  to  the  outer. 

Ae  has  already  been  trentlnned  above  In  the  atagnant  zone  there  should  be 
fulfilled  the  condition  of  preservation  of  the  mass.  This  condition,  which 
enables  one  to  obtain  a  solution  '.f  the  problem,  was  proposed  and  succesefully 
applied  In  the  report  /~1_7. 

If  one  assumes  that  on  the  line  of  flow  d  the  level  of  mechanical  en¬ 
ergy  is  deterr.lned  by  the  Tjreesure  of  retardation  p^,  then  nne  may  say  that 
with  a  full  .onverslon  of  the  Iclnetlc  energy  as  a  reault  of  the  retardation 
of  the  T.'-rtirlee  in  the  region  (4)  there  is  obtained  the  static  pressure 


P4  *  t .  e . 


P.ld*  _  £, 
P“ 


(1.2) 

This  also  r.  je  to  be  the  closing  condition  for  the  case  of  sudden  ex¬ 
pansion  of  one  flow. 

?roin  the  condition  of  adiabatic  retardation  in  a  given  point  it  Is  easy 
to  find 


'7-  =  [- 


ft 

'ft-l 


0  •  (1.2a) 

If  the  stagnant  zone  is  open.  i.  e. ,  if  there  flows  into  it  (or  from  it) 
a  given  mass  of  fluid  G|j,  then  the  coordinate  of  the  demarcation  line  of  the 
flowYjQ  C'Ui  be  determined  from  the  condition  (1.1).  If  the  stagnant  zone  is 
open,  i.  e.  ,  =  0,  0;^  =  0,  then  r  vjj. 

Let  us  now  consider  briefly  what  form  the  problem  closing  condition  will 
have  in  the  case  of  two  different  currents  flowing  around  a  plane  or  ring- 
ebaped  offset.  In  thie  case  clearly  one  should  consider  the  model  of  an 
open  stagnant  zone  J_  2 ,  The  coordinate  7^4  of  each  flow  is  determined 
from  the  condition  (1.2). 

The  closing  condition  here  will  he  the  condition  of  constant  mass  in 
the  stagnant  zone  Ci4-Ci  +  G*  =  0 


(1.2h) 


The  expreeelono  for  were  given  nhove. 

In  this  WH/  one  solvee  the  problem  of  determining  If  one  knows  the 


magnitude  7^. 

Sec.  2.  Determining  the  E  aee  Temperature  T®  We  will  conelcer,  as 
usual,  that  all  the  assumptions  are  valid  which  are  made  above  in  Sec.  1.  In¬ 
itially  let  ns  determine  the  apeclfic  heat  flow  q. 

By  assuming  that  the  mechanism  of  the  turbulent  exchange  for  the  ItqpulBes 


and  the  heat  are  identical  (see  J_  _J )  one  may  write  at  once 

dT 


by 


(1.2c) 


r!f>re  c^  1b  the  heat  capacity,  p  is  the  density,  and  g  is  the  accelera¬ 
tion  of  the  force  of  gravity. 

The  coefficient  of  turbulent  viscosity  £  is  determined  from  the  expression 
which  was  used  in  the  report  1_/  la  determining  the  profile  of  the  veloc¬ 


ities 


9 


®  (1.2d) 

With  the  use  of  the  relallonshlps  of  Sec.  1  after  some  transformations, 
we  get  the  expression  for  the  sjjeclflc  heat  flow  through  a  single  area  of  the 
8urff.ee  the  generatrix  of  which  is  the  zero  line  of  the  flow  =  O) 

^  2?  'I'  ^  (1.2e) 

4 

For  the  line  of  flow  where  (^RsO  the  dlmenslonlese  coordinate  will  have 
a  determined  value  V)  Ylmin.  which  was  discussed  above.  The  magnitude  of 
the  unlatown  T®  can  b  e  established  from  the  equation  of  the  heat  balance. 

For  the  case  of  sudden  expansion  of  the  axially  symmetrical  or  plane  flow 


this  equation  can  be  written  in  the  form 

N  F^AT’  +  B 


Here 


N  =  b,  )‘  ^  VksHT’t  (A/„) 


(1.2f) 


(1.2g) 


Q] /I  I  2 


!5 


whereby  for  the  plane  flow  1:0.  and  for  thr  axlall/  ejnsDetrlcal  flow  i  :  i« 
The  arerage  radlna  of  the  zero  line  of  flow  le  Indicated  "by  r,. 

In  the  fr^ework  of  thla  atudjr  it  ie  conaidered  that  A  and  B  are  known 
nagnltudea  determinable  by  the  relatlonahip  -f>  Qf  ■  AT'^  ^  where  Q*'  le 
the  heat  passed  with  Ihe  blown  gas,  and  is  the  heat  passing  through  the 
wall  Into  the  stagnant  tone.  * 


rig.  2.  V:  T  1.4.  M=  2.025.'lJ=  1. 
Qla  the  experirent  15J.  •  is  the 
computation,  and  Qla  the  commtatlon 

flJ- 


It  Is  necessary  to  stipulate 
that,  although  in  principle  the  Biag> 
nltudes  A  and  B  can  be  determined, 
to  find  them  practically  can  involve 
some  difficulty,  for  example,  such  as 
is  connected  with  the  establlEhlng  of 
coefficients  of  heat  emlsslcn  on  the 
wall  In  the  stagnant  zone.  n>ey 
may,  however,  be  aporoxlmately  deter> 


mined  with  the  aid  of  the  report  4 _/.  But  these  questions  go  beyond  the 

limit  of  the  present  study,  and  therefore  they  are  not  being  considered. here. 

In  the  case  of  flowing  around  a  flat  or  ring-shaped  offset  of  two  dif¬ 
ferent  streams  the  problem  of  the  heat  balance  can  be  written  in  the  form 

+  (1.2h) 

Bor  the  case  of  :  0  the  magnitude  T**  In  case  of  sudden  of  one  flow 


is  determined  from  the  relationship 

,  T,’  -T* 


n 


Ar+B 


(1.21) 


Here 


n  =  (2jo-„)‘*  cip  (—  Mio  YkgBT^'x{AlM)’ 


(1.2J) 

If  y|p  =  0  and  two  different  streams  are  flowing  around  an  offset  the 
magnitude  la  deterralned  from  the  equation 

— n- 


r*.. 


+>17-+  B 


f) 


lie 


(1.2k) 


If  one  coneldere 


AxO,  Bs^O,  rm*-x- a:  r*'*z*  (1.21) 

and  disregards  the  difference  In  the  physical  characteristics  of  the  two 
streans  It  Is  poeelhle  to  obtain  a  very  elaple  fonnila  for  deteralnlng  tho 
bottom  teraperature  't  /"f, '  ,  U*  , /7V^\  / /,  , 

=  +  Tr-Jl.V^^-y  rrJ  (1-2-) 

Here  and  XiC~  are  the  coefficients  of  the  velocity  for  the  xuidla- 
turbed  core  of  the  retpectlve  flows. 

Sec.  3.  Result b  of  Coo-outatlone  and  Comparieon  with  Data  of  Other 
Authors  The  repults  of  'he  computation  of  the  base  preesure  p®  In  the 
case  of  an  offset  around  which  le  flowing  a  horizontal  stream,  having  r 
2.C25  -d  h  z  1.4,  with  different  values  for  Sj^/h,  are  presented  In  ?lg.  2. 
Their  conparleon  with  the  erperlmental  data  of  the  report  /.  5 _/  shows  that 

computation  by  the  method  expounded  ae 
well  as  the  method  of  the  work  /.  l_y  gives 
somewhat  higher  results,  but  from  the 
viewpoint  of  practioJ.  application,  the 
agreement  can  be  considered  ae  satisfac¬ 
tory. 

In  Fig.  3  there  are  presented  the  re¬ 
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suits  of  the  computation  of  the  dependence  of  p®/t>j^  onlJ'where  around  an  off¬ 
set  there  Is  flowing  a  horliontal  stream  having  Hj  z  2.025,  h  =  1.^,  aad 


ripr  0. 

In  the  ccmtutatlon  there  was  used  a  constant  approximated  value  for  the 
coefficient  of  heat  emission  throu^  the  wall  In  the  stagnant  sone.  The 
result  obtained  corresponds  qualitatively  with  the  experimental  data  of  the 
report  J_  k_/  and  with  the  computed  date  of  the  report  ^  7_/. 

The  conrutationa  of  p®  presented  for  the  case  of  the  sudden  exranelon 


=:  /I 


fC 


of  the  axially  tynaetrlcal  flow  from  the  axis  showed  that  In  the  firat  place 
they  find  thenselres  In  agreement  with  the  experimental  and  computation  data 
of  other  authors,  and  in  the  second  place  the  conputatlona  can  he  atida  with 
the  use  of  the  formulag  obtained  for  the  horlsontal  flow. 

Let  us  dwell  now  a  little  more  In  detail  on  the  results  of  the  computa.- 
tlon  of  p°  In  the  case  of  sudden  expansion  of  the  axially  symmetrical  flow 
towards  the  axle. 


rig.  4,  k  i  ’  'i.  O  Is  the  erper-  Fig.  5.  h  :  1.4.  O  Is  the  exper*- 

Iment  ,  O  ts  the  computation,  Iment.  O  is  the  computation,  )jp 

=  0.  1.  z  0.  '^=  1. 

In  rig.  4  there  are  presented  the  results  of  the  computation  of  the  mag¬ 
nitude  t/h  representing  the  thickness  of  the  rone  of  mixing  In  the  section 
where  the  Jump  occurs,  and  for  comparison  there  are  presented  the  experiment¬ 
al  data  of  the  report  l_  8 _l ,  obtained  with  the  flow  around  a  missile.  In 
rig.  5  there  are  presented  the  computation  point  t/h  and  the  experimental 
data  of  the  author  of  this  work,  obtained  by  the  processing  of  shadow  pic¬ 
tures  of  a  flow  In  a  channel  as  depends  on  the  number  determined  by 

ratio  of  the  area  of  the  channel  cross  section  n/'2- 

Comparison  shows  that  both  In  the  case  of  external  flow-aronnd.  and  In 
the  case  of  sudden  expansion  In  the  channel  towards  the  axis,  the  agreement 
between  the  computation  and  experimental  magnitudes  of  t/h  can  be  considered 
as  quite  satisfactory.  This  points  to  the  fact  that  ap-^rently  the  method 


propoied  a^ove  for  determining  the  location  of  the  Jump  In  danaltp  for  the 
cate  of  ludden  expanelon  of  the  axially  eyonetrical  flow  towards  the  axis, 
proves  to sufficiently  acceptable,  at  least  for  aaJclng  engineering  calcn- 
latlons. 

The  results  of  the  computations  of  p^  for  these  same  cases  considered 
above  are  given  In  Figs.  6  and  7.  Comparison  with  the  corresponding  experi¬ 
mental  data  shows  their  agreement  Is  fully  satisfactory. 

Here  one  should  note  that  the  computations  made  with  the  use  of  the 
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Ic  r  l.U,  Q  Is  the  experiment  /~8_7. 
Comrjutatlon  of  yjp  z  0,  1.  0  is 

with  the  use  of  the  formula  of  the 
horizontal  flow.Q  Is  with  the  use  of 
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Fig.  7.  )c  =  1.4,  =  O.O  i» 

the  experiment.  Computation  of  Jrjp  s 
0,  1.  0  Is  with  the  use  of  the 

of  the  horizontal  flow,  0  Is  with 
the  use  of  the  formula  of  the  axially 


formula  of  the  axially  symmetrical  flow  sysunetrlcal  flow. 


formulas  for  the  horizontal  flow  rnd  for  the  axially  synaietrical  flow  give 
noticeably  different  leTults,  and  therefore  In  such  cases  where  the  exp.-nslon 
of  the  axially  symmetrical  flow  proceeds  to  the  axis  of  symmetry,  the  compu¬ 
tations,  In  all  probability,  must  be  made  with  the  use  of  the  formulas  ob¬ 
tained  for  the  axially  symmetrical  flow. 

In  conclusion  let  us  note  that  all  the  computations  were  made  with  the 
assumption  th.\t  n  =  7  and  =  -  2  with  the  use  of  the  tables  of  the  auxil¬ 

iary  Integrals  J,  K,  F,  and  qp  obtained  by  computation  on  the  electron  con- 


putlns  machlM 
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